Two experiments were done to assess the effects of season, truck type, and location in the truck on the gastrointestinal tract temperature (GTT) of market-weight pigs during transport. In Exp. 1, a total of 504 sentinel pigs were selected from a total load of 3,756 pigs over 12 wk in summer or winter and transported in either a double-decked (DD) hydraulic truck or a pot-belly (PB) trailer for 2 h. In Exp. 2, a total of 330 sentinel pigs were selected from a total load of 2,145 pigs over 11 wk in summer or winter and transported in a PB trailer for 8 h. In both experiments, sentinel pigs were equipped with a temperature data logger for the real-time GTT recording from the farm to slaughter. Transport was divided into 8 periods in Exp. 1 (rest, pretravel, initial travel, prearrival 1, prearrival 2, unloading, lairage 1, and lairage 2]) and in Exp. 2 (rest, pretravel 1, pretravel 2, travel, prearrival 1, prearrival 2, lairage 1, and lairage 2). A delta GTT (ΔGTT) was calculated as the difference between the measured GTT at any determined event and the GTT measured at rest. In Exp. 1, the ΔGTT of pigs was greater (P < 0.001) in summer than in winter and only during the pretravel and initial travel periods. No difference was observed in the ΔGTT between the 2 truck types (P > 0.10). In summer, pigs located in the front top and rear top compartments of the PB trailer presented greater (P < 0.05) ΔGTT values than those transported in the middle top and front belly compartments during initial travel. In summer, during prearrival 1 and 2, a greater (P < 0.05) loss of GTT was found in pigs located in the rear top compartment of the DD truck compared with the rear lower compartment and in the front middle compartment compared with the rear middle compartment of the PB trailer. In Exp. 2, the ΔGTT of pigs was greater (P = 0.03) in summer than in winter during pretravel 2. Pigs in the front top compartment had a greater (P < 0.05) ΔGTT compared with pigs in the middle top, lower deck, and front belly compartments during the pretravel periods. Based on the results of the 2 experiments, modifications of the PB trailer model are recommended to limit body temperature increase due to physical stress at loading and unloading, and during transport due to inconsistent ventilation rate across vehicle locations.
INTRODUCTION
Pot-belly (PB) trailers are criticized because of the difficult handling at loading and unloading due to steep internal ramps (Torrey et al., 2013a,b) and poor internal climate conditions (Brown et al., 2011) , resulting in greater animal losses and poor pork quality when compared with other trailer models (Ritter and Ellis, 2008; Correa et al., 2013 Correa et al., , 2014 . Poor animal welfare and meat quality may be related to the variation in body temperature of pigs in response to thermal stress and physical activity (D'Allaire and DeRoth, 1986) . Previous comparative studies reported variation in pig body temperature either between the PB trailer and a flat-deck trailer equipped with hydraulic decks (Weschenfelder et al., 2012) or between compartment locations within the PB trailer (Fox et al., 2014) . However, in these studies, the effect of the season was controlled, and in the Weschenfelder et al. (2012) study, no comparison between truck compartments was made. To our knowledge, the combined effects of temperature, truck design, and compartment location within truck on pig thermoregulation during transport was never studied. The effect of the season and compartment location within the PB trailer on body temperature of pigs was studied by Goumon et al. (2013) . However, in this study, body temperature was assessed only in pigs located in 4 out of 10 compartments of the PB trailer. The recording of body temperatures across all compartments would have given a better representation of the effects of the PB trailer design in each season on the thermal conditions of pigs during transport. The objectives of the 2 experiments were to evaluate the variation in body temperature during transport in pigs caused by the effects of truck design, compartment location (all compartments) within truck, and season (summer vs. winter) in 2-h transport trials (Exp. 1) and the effects of compartment location (all compartments) within the PB trailer and season in 8-h transport trials (Exp. 2).
MATERIALS AND METHODS
All procedures performed were approved by the institutional animal care committee at the Agriculture and Agri-Food Canada research and development center in Lennoxville for Exp. 1 and by the University of Saskatchewan's Animal Research Ethics Board for Exp. 2. Both experiments adhered to the current guidelines of the Canadian Council on Animal Care (CCAC, 2009 ).
Animals and Treatments
The data reported for both experiments were collected during a larger study, whose results related to ambient and internal truck temperatures, behavior, physiological measures, and meat quality data have been reported in companion papers (Brown et al., 2011; Correa et al., 2013 Correa et al., , 2014 Torrey et al., 2013a,b) . Experiment 1. During the course of 12 weekly shipments evenly distributed over 2 seasons (winter and summer), 1 in 6 pigs per compartment was chosen for the recording of the gastrointestinal tract temperature (GTT), resulting in 168 sentinel pigs in a doubledecked (DD) hydraulic truck (14 sentinel pigs per load of 85 pigs per week) and 336 sentinel pigs in a PB trailer (28 sentinel pigs per load of 228 pigs per week). For the whole experiment, a total of 504 sentinel pigs were observed within 3,756 pigs (BW of 118.4 ± 0.4 kg).
On the day before shipping, pigs were removed from their pens and individually weighed, ear tagged, spray marked, and slap tattooed for identification. Shipping occurred at 0200 h in winter and 0400 h in summer. Feed was withdrawn from the pigs approximately 12 h before shipping.
At least 6 h before shipping, a temperature data logger (High Resolution Thermochron iButton, model DS1921H; Dallas Semiconductor, Maxim Integrated Products Inc., Sunnyvale, CA) for the GTT recording was orally administered to the sentinel pigs. This temperature data logger proved to be a valuable tool for the real-time and noninvasive recording of core body temperature variation in response to antemortem handling, transport, and ambient conditions in a number of previous studies (Carr et al., 2008; Weschenfelder et al., 2012; Goumon et al., 2013; Fox et al., 2014) . To administrate the GTT data logger, each sentinel pig was snared and a metal "pig gag" was inserted into its mouth. A balling gun loaded with the temperature data logger was then inserted into the mouth and the data logger was ejected. Each temperature data logger had a unique registration number and a built-in realtime clock. In the model used, temperature was measured in 0.125°C increments with ±1°C accuracy in the range of +15°C to +46°C. The temperature data loggers were programmed to record 1 datum per minute. The temperature data loggers were later recovered from the viscera on the processing line. Data were downloaded from individual temperature data loggers via the OneWireViewer software (Maxim Integrated Products Inc.).
In both vehicles, animals were loaded in groups of 6 to 7 pigs (including at least 1 sentinel pig per group) using only paddles. The PB trailer was always loaded first. Sentinel pigs were placed in 8 of the 10 compartments (no sentinel pigs in compartments 2 and 7). The PB trailer was loaded in the following compartment order: 1, 2, 4, 3, 9, 10, 5, 6, 7, and 8. Besides the external ramp (12° slope), pigs had to climb a 29° internal ramp to go up to the upper deck or had to descend a 22° ramp to go down to 2 belly compartments (Fig. 1) . The DD truck was always loaded starting with compartment 1 followed by compartments 4, 5, and 8 (Fig. 1) . After climbing an external ramp (10° slope), pigs were loaded onto the upper deck that had been previously lowered. After loading, the deck was hydraulically raised, allowing the lower compartments (5 and 8) to be filled. The mean loading times were 131 ± 19 and 51 ± 6 min for the PB trailer and DD truck, respectively.
The space allowance was 0.40 m 2 /pig in both vehicles, and both vehicles were bedded with wood shavings. Side panels were 100% open for the summer trials and 20% for the winter trials. The average ambient temperature during transport was 20.7°C (ranging from 13.5 to 25.6°C) in summer and -8.7°C (ranging from -11.4 to -3.7°C) in winter (Torrey et al., 2013b) .
Both vehicles traveled simultaneously for 2 h to the slaughter plant. Upon arrival at the slaughter plant, the PB trailer waited an average of 10 min (4 to 35 min) before unloading. The PB trailer was always unloaded first with the order of unloading being compartment 8, 3, 2, 4, 1, 7, 6, 5, 10, and 9. The DD truck was unloaded second after an average total wait (from arrival to unloading) of 37 min (25 to 70 min). The compartments were unloaded in the following order: 8, 5, 4, and 1. The entire process of unloading both vehicles took an average of 36 min (31 to 45 min). Pigs were kept in lairage without mixing truck compartments at 0.51 m 2 /pig for 90 to 120 min. Water was provided during lairage through nipple drinkers. Pigs were handled at loading, unloading, and in lairage using only paddles. Pigs were driven in groups to a CO 2 stunner (Jumbo 6 model; Butina, Copenhagen, Denmark) using automatic pushing gates and exsanguinated. Experiment 2. During the course of 11 weekly shipments in a PB trailer over 2 seasons (5 wk in winter and 6 wk in summer), 1 in 6 pigs per compartment was chosen for the GTT recording, resulting in 330 sentinel pigs (30 pigs per load of 195 pigs per week) within a total of 2,145 pigs (BW of 115.2 ± 6.8 kg) for the whole experiment.
On the day before shipping, pigs were removed from their pens and individually weighed, ear tagged, spray marked for identification, and placed together in separated pens. On the day of shipping, which occurred between 1900 and 2000 h, feed was withdrawn approximately 6 h before loading. Using the same procedure described in Exp. 1, a temperature data logger was orally administered to the sentinel pigs. However, the temperature data loggers were programmed to get a recording every 5 min in Exp. 2 to ensure enough memory to record for the entire transport period.
At loading, pigs were moved along an alley, up a chute into the PB trailer, and then up the ramps (22° ramp to the top level, 32° ramp to compartment 5, and a 22° ramp to the lower level) in groups of 4 to 5 pigs (including at least 1 sentinel pig per group). The loading crew did not change between seasons and moved pigs using boards and electric prods as necessary. Pigs were loaded into all compartments ( Fig. 1) , except for compartment 6, which was not used because of load limitations. The nonuse of compartment 6 made the ceiling of compartment 9 twice as high. The truck was loaded in the following compartment order: 5, 1, 2, 4, 3, 9, 10, 7, and 8. The space allowance was 0.41 m 2 /pig. During winter trials, the truck was bedded with straw and wood shavings, whereas only wood shavings were used in the summer. Side panels were 100% open for the summer trials and 10% for the winter trials. The average ambient temperature during transport was 18.4°C (ranging from 9.1 to 20.7°C) in summer and -10.4°C (ranging from -22.3 to -9.7°C) in winter (Torrey et al., 2013a) . The transport consisted of an 8-h overnight trip.
At the slaughter plant, the PB trailer compartments were unloaded using boards and electric prods as necessary in the following order: 8, 3, 4, 2, 1, 5, 7, 10, and 9. Pigs from different compartments were mixed in the lairage pens and rested for 90 min before slaughter. Water was provided in lairage through water troughs. Pigs were driven in a single line to an electrical stunner (head-to-chest electrical stunning) and exsanguinated.
Statistical Analyses
In both experiments, average GTT values for each pig were determined per compartment and for each of 8 periods: rest, pretravel, initial travel, prearrival 1, prearrival 2, unloading, lairage 1, and lairage 2 for Exp. 1 and rest, pretravel 1, pretravel 2, travel, prearrival 1, prearrival 2, lairage 1, and lairage 2 for Exp. 2 (see Table 1 for definitions). The average data from sentinel pigs per compartment in a given week was the experimental unit. Data are presented as delta GTT (ΔGTT) values obtained by the difference between the measured GTT at any determined event and the GTT measured at rest (basal level). For the purpose of maintaining biological accuracy and to eliminate erroneous low readings considered indicative of drinking (Goumon et al., 2013) , GTT readings below 37°C were excluded from the calculations. Experiment 1. The MIXED procedure of SAS (version 9.3; SAS Inst. Inc., Cary, NC) was used with season, week within season, type of truck, compartment within truck, the interaction of season and type of truck, and the interaction of season and compartment within truck in the model. The number of sentinel pigs per compartment was used in a WEIGHT statement. As there were interactions between season and compartment within truck in this general model, analyses thereafter were done per season with type of truck and compartment within truck in the model. When there was an effect of compartment within truck, multiple comparisons were done per truck using the LSD adjustment method. To evaluate differences between 2 periods of transport, the MIXED procedure of SAS was used with period and the interaction of season and period included in the general model. Experiment 2. The MIXED procedure of SAS was used with season, week within season, compartment, and the interaction of season and compartment in the model. The number of sentinel pigs per compartment was used in a WEIGHT statement. Data from compartments 1, 2, and 8 for wk 1 and data from compartments 4, 7, and 8 for wk 2 were missing. When there was an effect of compartment, multiple comparisons were done using the LSD adjustment method.
A probability level of P ≤ 0.05 was chosen as the limit for statistical significance in all tests. Probability levels of P ≤ 0.10 were considered a tendency.
RESULTS AND DISCUSSION

Experiment 1
Pretravel and Initial Travel. The ΔGTT was greater (P < 0.001) in summer compared with winter during the pretravel and initial travel periods (Table 2 ). In summer, the increase of GTT was likely to have resulted from the combined effects of ambient heat and loading stress as shown by the greater frequency of overlaps and handler interventions and the elevated heart rate reported at loading in summer rather than winter in companion papers (Correa et al., 2013; Torrey et al., 2013b) . The reason for the lower ΔGTT value in winter may be 2-fold. It may be explained by the efficiency of boarding and bedding to ensure thermal comfort in the truck. McGlone et al. (2014c) recently reported a significant decrease in pig losses by using boarding during transport at ambient temperatures lower than 5°C. However, it may also result from the attempt of pigs to maintain their body temperature by peripheral vasoconstriction in response to cold stress, leading to increased core body temperature (Carr et al., 2008) .
There were no effects of truck type on the ΔGTT of pigs for any of the transport periods (P > 0.10; Table 3 ). In both vehicles, the pretravel and initial travel GTT values were unsurprisingly greater (P < 0.01 for both vehicles) than at rest (ΔGTT > 0) as a result of the effects of loading exercise and handling stress on body temperature (Zanella and Duran, 2000) . However, a trend for a compartment difference within truck was found during the pretravel and the initial travel periods (P = 0.07 and P = 0.05, respectively) in summer (Table 4) , whereas no difference in the ΔGTT value was found in winter (P > 0.10). In summer, pigs located in compartments 1 and 4 of the PB trailer presented greater (P < 0.05) ΔGTT values than those transported in compartments 3 and 9.
The increased GTT in compartments 1 and 4 may be the result of the cumulative effects of physical effort under warm ambient conditions, with pigs having to climb an internal ramp, making a 180° turn to enter compartment 4 or walking to the end of the deck (compartment 1). The physical effort of these pigs is confirmed by the increased heart rate and GTT value recorded in summer after loading in pigs located in the upper deck compartments in a companion paper (Correa et al., 2013) and in a later study using a similar PB trailer model (Fox et al., 2014) , respectively. The use of the hydraulic upper deck and the level entrance into the lower deck may explain the lack of ΔGTT variation in pigs being loaded on the DD truck, regardless of the season. Prearrival 1 and 2 and Unloading. The ΔGTT of pigs did not differ between seasons or truck type during the prearrival 1 and 2 periods (P > 0.10; Tables 2 and  3) . However, between the initial travel and the prearrival 1 periods, the decrease of GTT was greater (P < 0.001) in summer than in winter ( Table 2 ). The greater reduction of GTT in pigs during these transport periods in summer than in winter likely results from the greater air flow within the moving truck due to the absence of boarding (Chevillon et al., 2004; Weschenfelder et al., 2012) whereas GTT reduction was limited in winter due to a more controlled thermal environment inside the truck using bedding and boarding (McGlone et al., 2014a,c). Moreover, Torrey et al. (2013b) indicated in a companion paper that more pigs were standing in winter than in summer. By standing and being active, pigs may have reduced their heat loss (Peeters et al., 2008) .
As shown in Table 4 , during summer, the ΔGTT tended to differ between compartments within truck during the prearrival 1 (P = 0.06), prearrival 2 (P = 0.06), and unloading (P = 0.09) periods. During the prearrival 1 and 2 periods, a greater (P < 0.05) drop in GTT was found in pigs transported in compartment 4 compared with pigs located in compartment 8 of the DD truck. Air movement in a trailer removes heat and moisture flowing from the rear to the front of the vehicle (Kettlewell et al., 2001; Warriss et al., 2006) . For this reason, during transport, the rear section of the truck and the upper deck are reported to be colder (Warriss et al., 2006; Brown et al., 2011) , which may explain the higher decrease in GTT for pigs in compartment 4 in the DD trailer used in this study. However, it is difficult to explain the difference in GTT between compartments 4 and 8 because these compartments had similar temperature during transport (Brown et al., 2011) . The difference in GTT may be a consequence of the loading order, because pigs in compartment 8 were the last group loaded and, therefore, they had less time to recover from the loading stress (Torrey et al., 2013b) .
Within the PB trailer, a greater (P < 0.05) reduction in GTT was found in pigs transported in compartment 5 than in pigs located in compartment 8. Brown et al. (2011) reported that the ambient of compartment 5 may be critical for pigs transported at warmer temperatures as this compartment collects the warm air flowing from the rear section of the trailer. The decreased GTT of pigs located in this compartment may result from the combined effect of heat stress response increasing convective heat transfer from the core to the periphery (Charkoudian, 2003) and convective cooling favored by ventilation (Kettlewell et al., 2001 ) whereas pigs transported in the compartment 8 of both trucks were cooled by direct exposure to air entering from the rear. During winter, the ΔGTT tended to differ between compartments during the prearrival 1 and 2 periods (P = 0.09 for both). No significant variation in GTT was found between compartments in the DD truck (P > 0.10). This result is likely due to the positive effects of bedding and boarding on truck internal microclimate (McGlone et al., 2014b) , which also explain the lower reduction of GTT in pigs from compartment 4 during prearrival 1 in winter compared with summer (-0.13 vs. -0.75°C; P = 0.003). Within the PB trailer, the decrease of GTT was lower (P < 0.05) in pigs from compartments 1 and 3 compared with pigs transported in compartments 6, 9, and 10. As compartment 1 and 3 were reported to be the coldest compartments of the PB trailer in winter transports in a companion paper (Brown et al., 2011) , the reduced ΔGTT variation in winter may be explained again by the attempt of pigs to maintain their body temperature by peripheral vasoconstriction in response to cold stress (Carr et al., 2008) . Pigs' attempt to meet their thermoregulation needs in these compartments during transport in winter is also indicated by their greater heart rate and standing behavior reported in companion papers (Correa et al., 2013; Torrey et al., 2013b) . Standing is indeed considered a behavior allowing pigs to reduce body heat loss during transport (Peeters et al., 2008 ).
An interaction was found between truck type and season for the ΔGTT in the unloading period (P = 0.02; Fig. 2) . A reduced negative ΔGTT value was found in pigs in the DD truck during summer in comparison with pigs in the PB trailer in summer. This difference may be explained by the unloading order, with the PB trailer being always unloaded first, meaning that pigs from the DD truck had to wait in a stationary truck while the PB trailer was unloaded. The reduced negative ΔGTT value found in pigs in the DD truck in this period in summer may result from the increased temperature of pigs in response to the increased ambient temperature inside the stationary truck (McGlone et al., 2014a) .
Lairage 1 and Lairage 2. During lairage 1, the compartment position within the truck had no impact on the ΔGTT of pigs in any season (P > 0.10; Table 4 ). However, pigs transported in the DD truck still presented a lower (P = 0.03) negative ΔGTT value (or higher GTT value) than pigs transported on the PB a-c Means (n = 6), within a row and within truck type, without a common superscripts differ (P < 0.05).
1 Pretravel: 5-min period before departure from the farm; initial travel: 5-min period after departure from the farm; prearrival 1: 5-min period before arrival at the plant; prearrival 2: 5-min period after arrival at the plant; unloading: 5-min period before entering the lairage pen; lairage 1: 5-min period after entering the lairage pen; lairage 2: 5-min period 10 min before the pig enters the CO 2 stunner.
2 DD = double-decked; PB = pot-belly.
3 ΔGTT: difference between the measured gastrointestinal tract temperature at any determined event and the gastrointestinal tract temperature measured at rest. 4 The P-value corresponds to the effect of compartments within truck.
trailer in summer (Fig. 2) . The greater GTT recorded in pigs unloaded from the DD truck at the entrance into the lairage pen may result from the cumulative effect of the wait in the stationary truck before unloading and handling at unloading on body temperature. During lairage 2, the ΔGTT of pigs did not differ between seasons (P > 0.10; Table 2), truck type (P > 0.10; Table 3 ), or compartment within trucks per season (P > 0.10; Table 4 ). Goumon et al. (2013) also did not report any significant variation in GTT during lairage between pigs transported for different times (6, 12, and 18 h) in winter and summer. This result indicates that the lairage conditions applied in this study allowed pigs' recovery from transport and handling stress.
Experiment 2
No interaction was found for ΔGTT between season and truck compartment for any transport periods in this experiment (P > 0.10). Therefore, data are presented according to the single effects of each factor.
As shown in Table 5 , season influenced the variation in GTT in all transport periods, except for the pretravel 1 and travel period (P > 0.10). Similarly to Exp. 1, the ΔGTT of pigs during the pretravel 2 period was greater (P = 0.03) in summer than in winter as a response to the combined effect of handling and warm conditions inside the stationary truck.
The decrease in GTT was greater (lower GTT; P < 0.001) between pretravel 2 and the prearrival 1 in summer than in winter (Table 5) . As in Exp. 1, this result confirms the effects of increased air flow in summer (Chevillon et al., 2004) and bedding and boarding in winter (McGlone et al., 2014b) on truck microclimate and consequently on GTT variation in pigs during transport. The lower reduction in GTT recorded in winter can be also explained by the higher proportion of pigs standing in the PB trailer during transport, as reported in a companion paper (Torrey et al., 2013a) , to maintain their body temperature (Peeters et al., 2008) . The seasonal difference in ΔGTT observed during the prearrival 1 period was maintained during the prearrival 2, lairage 1, and lairage 2 periods (Table 5) .
Compartment position within the PB trailer affected GTT variation in pigs in the initial transport phases (P = 0.003), with pigs from compartments 1 presenting a greater (P < 0.05) ΔGTT compared with pigs in compartments 3, 5, 7, 8, and 9 during the pretravel 1 and 2 periods (Table 6 ). As in Exp. 1, GTT increase in pigs loaded in compartment 1 likely results from their physical effort to climb the ramp leading to the upper deck and to walk through the deck length to get to this truck location. Pigs on the lower decks did not have to negotiate a ramp or had to descend a ramp and walked a shorter distance to take their position in the middle deck or bottom deck, respectively. A trend for an effect of compartment location in the PB trailer was also found on the ΔGTT of pigs during the lairage 1 period (P = 0.07; Table 6), with GTT increasing (reduced ΔGTT) in pigs located in compartments 9 and 10 compared with pigs from the other compartments. The increased GTT in these pigs may result from the physical stress of climbing the 22° ramp to exit the truck at unloading. In a companion paper, in fact, Torrey et al. (2013a) reported a greater proportion of pigs overlapping and going backward and greater use of electric prods during unloading from these compartments.
Conclusions
Transport is a challenging event for pigs' thermoregulation as shown by the variation in GTT in both experiments of this study, with ΔGTT of pigs increasing after loading (pretravel periods) and decreasing during the travel up to the point of reaching a negative value on arrival (prearrival periods) at the slaughter plant and in lairage. Depending on the stage of the transport (stationary or in movement), factors such as handling on ramps, ambient temperature, ventilation, boarding, and bedding likely helped or challenged pigs to maintain a stable body temperature. Physical effort when negotiating the internal ramps and 180° turns to go to the upper or lower deck in the PB trailer increased the GTT of pigs during loading and unloading as a result of physical exercise. During transport, the reduction in GTT was greater in specific compartments of DD and PB trucks due to variation in air flow rate and internal ambient temperature. To ease the thermal comfort of pigs during transport in the PB trailer, modifications of this trailer model are recommended to reduce the stress of pigs at loading and unloading and improve the ventilation rate at any vehicle location. Table 6 . Effect of compartment on the delta gastrointestinal tract temperature (ΔGTT; °C) of pigs during the different periods of transport for Exp. 2 a-d Means, within a row, without a common superscripts differ (P < 0.05).
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1 Pretravel 1: waiting period before departure from the farm; pretravel 2: the last 5-min before departure from the farm; travel: 90-min period after departure from the farm; prearrival 1: last 5-min before arrival at the plant; prearrival 2: waiting period between arrival at the plant and start of unloading; lairage 1: first 90-min of lairage.
2 ΔGTT: difference between the measured gastrointestinal tract temperature at any determined event and the gastrointestinal tract temperature measured at rest. 
